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The Invention relates to a method for couplir^g 
proteins t> a stancMwived modiflfid polysaccharide. 
Tha binding interaction between the modified 
fiolyfiacchande and the prTtetn h be&ed on a covalent 
bond which is the result of a coupling reaction 
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graup of the modified jwfysacctiarkie mateoda resulting 
Crom the chemical reei;HQn of this slddhyda group and 
a functional grwp of the protein which reads with 
iha atdehyde group or wdth the resulting functionsl 
flraijp- of the porysaccharida irKitaeula. The bond 
directir reeulfinB horn Hia ooupUng reaclion can be 
optionally modified fay a lurtlier reaction to tita 
afdrementior^ed covslent bord. The invantlon further 
rdlatds to pharmaceutical oorppasftUms that comprise 
conjugate? formed in coupling prooasa and to the 
(js« of said oonjugatw and oompodUona for the 
pfophylaKls «f Iheiapy of Iha human cr aiAinl body. 
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Coupling proteina to a modified polys accharida 

The rapid development in genotic engineering in recent 
decadcri has led to the new identification of a large number 
5 of genes for proteins having potsntiai therapeutic benefits 
and to the possibility of producin<5 withDut difficulty tho 
correspoading gene prodjcts, pure or nearly pure in 
relatively large quar.titiesr with the aid of biological 
expression systems. 

:o 

However, it hAS emerged that the use of such proteins in 
practice, e,g. in diagnosis, therapy ar*d for 
biOtransfornjationa, frequently meets with difficult! as 
because the stability and solubility properties thereof, 
15 especially at pnysiolcgical pH valuesi arc often 
unsatisfactory- Two exasoples of such proteins are tuiaoc 
necrosis factor THF^ot or intcrle-jlcin-'2. 

Snlobility problems additionally occur very frequently in 
20 the eKpcesAion ot glycoproteins in prokaryotic ayateras such 
as £, coli, oecauae they are Chen expressed without the 
natural 9lycosylaticn, rcaulTiing in a considerably reduced 
soXubilii^V in soAe cd.':es. This may aaxe it necessary to use 
considerably nx>rt3 costly eukaryotic escpression systems. 

On therapc'jtic use in the body, many proteins are very 
quickly removed from the bloodstream or degraded. 
Systeaiically idminiscered proteins having a molecular 
weight of pore than about 70 kD fwy be removed from the 
30 circulation by the reticuloendothelial syatetn or specific 
interactions with cellular receptors. Smaller protein? 
having a molecular weight cf less than about 7D kD pay in 
addition be re£K>ved to e large extent by the glomerular 
filtration in the kidney {exclusion limit about 70 kO> . 
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*n approach followed rscertlv =i • - 

problem, consists in oi l ^■^^•'""'^e the described 

b^ocoCCrL^ I' problematic p.cceins to 

D_o.arma.ible polynecs with good soiuijiUtv -ater . T 
^S, for example, polyethylene . 

plasma residence ti»e of ^ 
dr»-r- . smaller proteins can be 

dxa. t.c-.tly .ncrea^ed, and o„ th. ot^e. .and .he aoLbi^iL 
- aqceous .ediu. can be i^p.oved by ^rne hvd^Chl-lc 
5 polymer portion. "yatophia.ic 

wlthT' ^-"ciaX effects wbic. :„ay be conr»cted 

With coupling of proteins to .uch polymers are ba.ed ck« 
maskang of protease recognitSo.n ^itea and k 

On the one hand, it is possible thereby for the 

Jiooge«.<:4.s .ntl„„lclty (.11,, tnecby. 

P«Iy.«,lo.. ,l,c»l or dext„„, Vict pj^"." " 

n^efff-r.»w »s being generally 

P-eferred becauac it affo«la simpler products. 

Dexcran couplings have been described fox only a fe„ 
proteir.6 such as f^^ , ^ ^ 

.en^oglobin or apro'^ln" T"' ' ^"^^^^'^^^ ' P^-^i". 
Show high an™ coniugate, often 

nxgt) aaiergenicity, presi«nahlv caus^-rf k., ^ . 



CA 02478479 



- 3 - 

l«d to none of these dextran coupling products being 
approved aa yex for therapeutic use in liuaaDS or animals. 

Derivatizatiar.s with PEG have been carried out considerably 
more ixeq-^ently, so that t'nis method can now be regarded aiS 
5^and5.rd for increasing the molecular weight of proreins. 
Same of these derivatives are in varic-js phases of ciinical 
trials or are already approved in tihe ySA. PeG-hejTK>glob-:.n 
is currently in phase III, as is a PEG addiict of superoxide 
dismutacse (SOD), which 13 the protein which has been 
investigated most in relation to polymer couplings. 
PEG-coupled asparaginase is already employed in the cherapy 
of acute lymphocytic .leuXemla. In 2001, PEG-interf eror.-^ 
was approved for rhe treatment of tiepatitis C patients. 

On use of these PEC ironjugates, however, side effects 
ranging froiti unpleasant to dangerous have also t>een 
reported, such as pruritis, hypersensitivity reactions and 
pancreatitis. In addition, the biological activity of the 
proteins after PEG coupling is often very low and the 
netabolisro of the degradaticr. producus of PEG conjugates is 
still sAibs tan ti ally unknown and possibly represents a 
health risk. 

?JO 99/49S57 describflB conjugates of hemoqlotoln which are 
formed by reacting s;he aldehyde groups of ox i datively ring- 
opened polysaccharides such as bydroxyethyls tarch or 
dextran with primary amine groups of :;he prozein. However, 
in this case, the enpioyed polysaccharides 6cr. as 
polyfunctional reagents, resultirg in a very heterogeneous 
product mixture with properties which are difficult to 
adjust:. 

US patent 6,O83r909 describes a process for coupling 
selectively oxidized hydroxyothyl starch to hedoglobin in 
DMSO. Crjr investigations have showr, however, that the 
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desired product obtained und^x the at.^ . 

rhus xosea Us bioloyical activity. 

tolerated alternatives to dextco.- or PES^ooupL ..oteL" 
..th «Mch tho solubility Of p.o,eins car. be i^^^l 

-..e.n...v.s and to <.eva:op siirple a,, ^ 
for preparing «„cr, ^ternative protein derivatives 

This objecc i3 achieved accorting the inv^„t^,^« >, 

^ydroxyalKyZs.arch-ptotein conjgates -1" ct " 
Characterized i„ t.ac the binding' interacUcn tt.een Z 
nydroxyaI.yl.tarc. .alec«ie and the protein is 6^3" V ^ 

between the ter^xnaZ aldehyde group, or a functional group 

the K . " ^"'^'"'^ ^^""P <=^--«^ -action " 

the hydroxyalkylstarch molecule and a fuicrioa.T 

.^hach X3 .b1.e to react with this aldehyde group or 

.unct.onal group derived theretron, of the 

nydroxyalkyistarch n»olecule, cf th*. pcot.in J 

irvaxraea wti^re appropriate bv a fTJ^*.>^«v. 
the abovecientioned cov^Icnt bonding. 

Ke™, r t.e prophylactic 

the apec .c treatment of the h™ or animal body, and 
.cthoas for preparing theae con^ugatea and composition.. 

It haa surprisingly been fourdf tha^ the r-acrir.n. , 
above can «<i-k ^ reactions described 

can, w.th a suitable choice of the conditions, be 
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carried out in aqueous soIucioAf thus allowing the 
Moloi^ical activity of the piroteins .in mdiiy cases to be 
co»plGtely cr partly retained. 

5 The aqueous reaction medium for the coupling reaction is in 
this case preferably water cx a mixture of water and an 
organic solvent/ where the proportion of water in che 
mixture is at ieaa^ about 70% by weight, preferably ot 
lease about 80% by weighty more preferably ot least', about 
10 90% by weight. 

The molar ratio of hyciroxyalkylstarch (£IAS> Co protein in 
the coupling reaction is usually about 2C:1 to 1:1^ 
preferably about 5;1 to 1:1- 

15 

The remaining biological activity of the inventive 
hydroxyalkyl starch-protein cor.jugctesr based on the lai-tial 
activity of the protein, is usually at least 40%, 
preferably at least 50%, more preferably at least 70%, even 
20 more preferably at least 90%, most preferably at least 95%. 

The hydroxyalkylstarch (HAS) employed according to the 
invention can be prepared by a koovn method, e.g, 
hydtoxyaikylaticn c£ starch at the Cz and/or Cs position of 

25 the anhydrocjlucose units with alkylene oxide or 
2-chlo£oai)canol, e,g. 2*«chloroethdnol (see, for exanple, 
US ^,218,108 Cor the bydroxyethylation starch}, with 
v'arious desired molecular weight ranges and degrees of 
substitation« Zt is also possible to employ any 

30 pieparaLions obtainable conimercially- The detinition ot the 
ai'^yl grouping in "hydroxyalkylstarch", as used herein, 
includes methyl, ethyl, isopropyl and n-prooyi, with 
particular preference for ethyl- A substantial advantage of 
HES is that it is already approved by the auchorities as 

2S biocompatible plasma, expander and is employed clinically on 
a large scale. 
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?he average molecular weiaK- of hV,o • ^ 

preferably about 4 kd .bout Co^ . 

the rang« from about 4 r . P«ferabiy m 

rom acouL 4 kD to about 50 kD or in the ^a„^^ 

fro. .bout 70 -kD to abo.t 1000 ko, p.rticaiarly pre'e^.b ! 

-bout 130 For coupling to «.an protein. 

molecular weloht rh» »,. ^ Proteins, the average 

Chosen so that -h/ T ^'''^^^^^^^^'^'^^'^ch is preferably 

-'^e abovea,efttloned threshold or kb 
exceeded «lth the conjugates, „herea. for coSi JL 
proteins th« Tnolecular weloht °^/=^"P-^n?r to ,arge 

wi.1 preferably be in ! ^ .^.ion of "It 
co^.plin, is possible .t a pluraUtv o/ ^ ''""^ 
axsc be ad.anta,eo.: Z lZZ T'""' 
POiynier Chains, instead of oae of hll , 
The degree of substitution ,ra"o L 1 

anhydroglueose uni-. to ! ''^ modified 

i" 'o-al* ™? , ? ^'^hyclrogiucose units 

range fro. about 0.2 co O.S, preferably iout I 3 \l o i 
•oor^ preferably about 0.5. (Note: the rL^TJ^L jl^' 
2^^o. o. substitution-. Which is between 0 an" !, 
ratio Of C, CO C. substitution normally i/l! 

from 4 to 16, p^efe-ablv <n hh« '«>'™»"y in the range 

/ ii.eze-aaiy in the xa.nge from 8 to 12. 

These relationships also " apply to th. • 
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residence time ot a particultir conjugate in tha plasme can 
be adjusted via the proportion of pclysaccharicfa* 

Hydroxy^i-ibyi starch products vith an avG^rage ir^olecuiar 
5 weight ot 130 and a d^groe of substitution of 0,5, and 
with an average ^lecular weight ot 200 and a degree of 
substitution ol 0,25, have already been oseci clir.icdiiy as 
blooc substitutes and are aJCso suitable for use in the 
prEaent invention. 

10 

The protein suitable to the present invention is in 
principle any pxotein which 'rid$ the necessary functional 
group, e.g. a free amino group, thiol group or carboxyl 
group, for reacting */ith the functional group of the HAS 
lb molecule - 

A desired functional group can be introduced also by 
reacting the protein with a siiitable^ physioloqicDlly 
toleratted, bifui-ctional linker molecule. The reraaining 
20 reactive functional group of the couplec-on linker aiolecula 
is then likewise regarded as "reactive functional group of 
the protein* for the purposes of t"ne present, invention. 

Suitable linker molecules comprise ac one end a grouping 
25 able to enter into a covalent bonding with a reactive 
functional group of the protein, e.g. an amino, thiol, or 
carboxyl group, and at the other end a grouping likewise 
able to enter into a covalent bonding witM the terminal 
aldehyde group or a functional group derived therefroin by 
30 chemical reaction, e.g. a carboxyl group, activated 
carboxyl group, amino or thiol group. Between the two 
functional groups o^ the linker n-.olecule there is a 
biocompatible bridging jROlecuie of suitable length,, e^g, a 
grouping derived from an alkane, an (oligo)alkylene glycol 
35 grouping or another suitable oligoifter grouping 1 Preferred 
groupings able to react with amino groups are, for exasqple. 
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-iiy<lroxysucc:nimic3e asters 

preferred g.oupi^g^ able ta' l. r ^''^^P-''" 

-ino o. thiol grip!. ^"''^^^ 
Examples of linker iDolecules f«r 

functions are: ^^'^ Connecting Sfl and »k 

ester) I'V^'O'^yBUccinlntide 
^M'^C (succinimidvl a /^i , 

---- " ^-<*opHe«..„.t.r.te, 

EHCS fv , , 

j^.^«.;j«lel.tdoc.pro,ioxy,.u«.,.,,,,„,,,^ 

ExajDpies of linker ftoie-ui^, ^ 
functions are: "^^e-ules for connecting 



mo 

BMDB 



SH and 5H 



' (bis-aaiolroidoechane)' 

U.l.-b.3-..xe.i«,l^„t.tr.eth.lene glycol, 



Exacnplee of linker molecules for connectina nh and Nil 



functions 


are: 


BSOCOES 


(big - (2 - sued nimAdyloxycarbonyloxy) ethyl) 




aul f one 


BS^ 


(bi 6 ' ( BUl Eosucc ip.iml4yl) subcrate ) 


DFWB 


CI . 5-dlf luoro-2^ 4-nitrobeTiZGne) 


DKTl 


(dimethyl adipitaidaCe HCl) ) 


DSG 


(disuccinimidyl glucarate) 


DSS 


(disuccinimidyl sub«rate) 


£GS 


(ethylene glycol biB(aucciniTiddyl euccinatej 



Exattiples of linker nioleculea for conneccing SH and CHO 
fuactiona are; 

hKPH IM- (e-maleimidoproplonlc acid)hydra2ide TPA) 

mCA (N- {e-maleimidocaproic acid}hydrazide) 

KMUil (K- (K-rnaleirddoundecanoic acid) hydra z±dc) 

M2C3H (4 - (K- maiaimidomethyl ) cyclohcxane - 1 - 

carboxylhydrazlde HC1> 
MPBir {4 - (4 -N-maleimidophenyl) butyxic acid 

hydra zide HCl) 
PDPK ( 3 - < 2 -pyridyldtthio) propiox^lhydrazldc) . 

An example of a linker moleculE far connecting SH and OH 
functions is 

PKPI CM-ip-mal^iniidophenylJ isocyanate) . 

Exainples of linker molecules for converting an SH function 

into a CCX)H function are 

BMPh (N-B-inaleimidopropionic acid) 

BMCK tJl-fi-raaleltnidocaproic acidi 

KWA (N-K-maleicaidoundecanoic acid) . 

Examples of linker molecules for converting an NH function 
into a COOK- function are MSA (tnethyl K-succinimidyl 
adipate) or longer- chain homologues thereof or 
correaponding derivatives of ethylene glycol. 
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-xa..p.., molecules for converting a coop ^ - 

i-ito an NB funcr.ior. are dab fl function 
chain homalo9„.s zf.Zt " ""^""^"^^t^utane) or longer- 

5 ethylene .l^dl " — pondln, derivative, of 

A^L-Mxe ana provides a protei^h*./^ 
a larger distance from thi- ^ ?'-0"P at 

0 hindrance ,^5 to avoid steric 

succlnimide escer). '''~*''''^*^^'«''«»C'^tylcaproyloxy), 

Further suitable ainker inolecLles v 
vor^ers and co^r.iaUy a.aaal o/ canT ^ • 

. -"-nrended to include eve-v annn^ j 

whJch comprises at least 9~iy aequenc« 

. .-3t .a.i„. aci.;retf:zrat\rr;r.- 

acxds, particularly p,e/et,i,i , J " ^ " 

-1- include natural derivatives . a "" ^'■"^ 

glycoprotein., pho=:>hoprot-inJ „ °' P'^^^o-s. 

derivatlvos, e g ^'J^ ' ''3^'^etic «odifis<s 

proteins ^di^^^ rgtoT?^: "-glycoprotein., or 

f«=.ion proteins, proteinl .m 

i-rodo.e Preferred^oX/s""° ''''' 

oTitririvu:---- - .... 

"""y# CLs relevanc protean wi-i , 
particular dasi-ed P^oce^n wi^i cacry out a 

respoAse or induction 
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of an iiYiiraine response. 

The protein may be selected fot example from the c,roup 
cotnE:>csed ot enzyrnes, antibodies r anxiaens, transport 
i pro::eiRO, bioddhesion proteins, hormones, growth factors, 
cytokines, receptors, suppressors^ activator^, inhibitors 
or a functional derivative or fragment thereof^ ^^?urActior*al 
derivative or fragr^ent" means in this connection a 
derivative or fragment which has cecained o dcs trod 
10 biological property or activity of the parect molecule in 
whole or in pare, e.g. to the extent of at least 10-<3G%, 
preferably a«>ce than 50%^ even more preferably more than 
70%, raost preferably more than 90%. Particularly preferred 
eywr^jles of such a fra^jment are antibody fragments. 

15 

Specific examples are a--, p- or 7-interferon, interleukins^ 
e.g, lL-1 zo IL-18, growth faccors^ e.g. epideraal gro^rth 
fact.or <£GF)r pldtelet growth factor {PDGP), fibroblast 
growth factor (FGF) r bratn-derived growth factor (BCXSf J , 

20 nerve growth factor (NGF>, B-cell growth factor <BCG?), 
brain-derived neurotrophic growch factor {BDNb') , ciliary 
neurotrophic factor transforming growth fcctors^ 

e.g. TG?-a or IGF-pr colony- stimulating factors (CSF> > e.g. 
GM'CSF, G-CSF, BMP (bone morphogenic proteins)/ <^ro%fth 

25 hormones, e.g. homan growth horntone, tvinor necrosis 
factors, e.g. THP-a or Tt^P-p, somatostatin, somatotropin, 
snnaroraedlna, seruni proteins, e.g. clotting factors 
II'XIX:, filbuniinf erythropoietin, jnyoglobirtf hcirsoglobin^ 
plasminogen activators r e.g. tissue plasiP.inogen activator, 

30 hormones or prohormones/ e.g. insulin, gonadotropin, 
meianocyte-stimulating horuMjne (a-MSH) , triptorelin, 
hypothalamus hccmones, e.g. antidiuretic horir.one3 \ADH) and 
oxytccini and liberins and statins, parathyroid horwone, 
thyroid hormones, e,g. thyroxine, thyrotropin, 

3S thyroliberin, prolactin, calcitonin, glucagon, glucagon- 
li'ice peptides (G:.P-1, GLP'2, etc.), exendinS/ e.g» 
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f j-epcir.^ vasopressin. oA^^^i^ 

C , Apo B, Apo-L„ itrmwrraglobjiins, e.o icG m- - Z 
IgA, igD o. a fr^g^ent thereof, hirudin . ' 
inhibitor. pi.-nt prot.tn.. e.g. l^ctlr o "c T '^'"'''^ 
snake ve.o.., i^otoxins, LiZ ^^1^1 ^ 
proteinase inhibitor butroxabxna, alpha- 

oii.o..3ine pro^rr^o /A^::. — - 

corresponding receptors for one ^^P^P^-te. 
functional derivative or 7L \ P-ceina; or a 

or receptors. ^ '"^ ^'"^ "^^^ P^teins 

«>/ iyaaes, isomcrases, kinase'? ^r-A \ - 
specific, non-restrictive exa^pips Ir" 
argin.se, arginine dean,inasa L«„ -P^^^^^^e. 
Q-ucamirase adenosine deaniinase, 

ai3a.utase, endotoxinase, . HlZ.l' ^"^'^"''^'^^ 

kaiiiicr**;- ♦-v. - caxaiase, peroxidase. 

f / a ucicAse, adenosire riinS^c^*,-^ 
nucxeo^ide pho.phoryaase, biUruMn oxTd .'r^' 'r'"'" 
oxidase, <,luoo<Jase, gluconate o"da" Ila . ' '""^ 

functional derivative, or fragnJnta J^er'o. 

reaction ^'""^ ^^^'^^ <=hep.icai 
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one example of such a chemical reaction is the selective 
oxx<iaLioti of this aldehyde group with a mild oxidising 
agent such as, for exaopl*, iodine. bro:.in« or some metal 
ions, or else by means of electrochemical oxidation to a 
carb^xyl group or activated caicbOKyx group, e.g. an ester, 
lactone, amide, with the carh«cyl group heing converted 
«here appropriate in a second reaction into the activated 
derivative. This carboxyl group or activated carboxyl group 
caa Chen be coupled to a priioary amino or thiol group o£ 
the protein to form an amide linkage or tbloester linkage. 

10 a particularly preferred preparation method, this 
aldehyde group is selectively oxidized with a molar excess 
of iodine, preferably in a molar raclo of iodine r.o HRS of 
from 2:1 to 20:1, particularly preferably about 5:1 to S:l. 
in aqueous basic solution, in the optimised method 
described in example 1, initially an am:,uot of 
hydroxyalkylstarch is dissolved in hot dis^^iiled water, ard 
someH;->at less than 1 ™ole equivalent" of aqueous iodine 
solution, preferok^ly in a concentration of about 0.05-0.5M. 
particularly preferably about 0.1», is added. Ritcr this, 
an aqueous NaOM solution in a molar concentration which is 
about 5-15 tin-.es, preferably about 10 times, that of th« 
iodine solution is slowly added dropwise, at intervals of a 
plurality of minutes, to -he reaction solution until the 
solution starts to become clear again after the addition, 
somewhat less than 1 B-.oLe equivaien-- of the above aqueous 
iodine solution is again added to the reaction solution, 
the dropwise addition of the NaOH solution is resumed, and 
the addition of iodine and NaOH are repeated until 
approximately 5.5-6 mole ecrjivalenLs of iodine solution ar.d 
11-12 Dole eculvalcnts of 3faO.H solution, based on -he 
hydroxyalkylsracch, have been odded. The reac::ior. is then 
■ stopped, the reaction solution is desalted, e.g. by 
diaivflis or ultrafiltration, subjected to a cation exchange 
chroinatography, ar.d the reaction product is obtained by 
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lyophiUzation. Tn CnL^ ^^^^^^ virtually 

pc.t.„«, In this to J " •» 

.0 tu.. Jj;;' »«.ro..„„„ 3... 

a« activstin, reage^c with J , P««ace of 

15 desired protei-. tl L ^'^"'^ ^""'^"P °* '^^^ 

protein to form an amide i^nkacf p,. , 

pcntachlorophftrtDl, osnH-.', v trifluorcphefloi. 



JoropJicsphate, catbonyldi imidazole (CDll 
Prafecably carbodiin,tdes ea l <3 h- .. . ' 

-w.opya„.^,j r ' ./ri^r pZ'^rr 

EOC. In contra-r ^« Particularly preferably 

contract to conventional .eUtods described in the 



CX »247»«7e W04-O9-O1 



- 15 - 



literature for similar coupling reactions, it has 
surprisingly i>e«n fc-x-^d in this connection that on use of a 
carbo<iit»id« as « rule Che usb ot otherwise obligatory 
further activators such es triazoles, e.g. HO&t, is 
unn--essary e^en maJcss .the y1«^lds worse. In too 

inventive coupling of ox-H£S to various fPodel cor^>ounds in 
th« presence o£ EDC and abser^a ot HOSt by coittrast it was 
possible to achieve high yields substantially .Irrespective 
or the molecular weight of the H2S (see examples) . 

instead of the reaction of the catboxyl gro'J? or activa-.ed 
carooxyi si-oup with a rre* pi-^mary amino sroup of Che 
protein te.g. ot a lysine ox arginioe residue), an 
analogous reaction with a thiol qro^:p (of a cysteine) of 
the protein is also possible In principle. However, it must 
be taken into account ia this connection that cysteines ate 
usually icvolved in S-S bridges and are therefore not 
available for a coupling reaction. If, on the other hana, 
tree cysteines are present, they freqjently piay an 
important part in. catalysis or are involved in the contact 
site of subunics. K oiodification of these cysteines wiU 
then result in partial or complete loss of the biological 
activity. This problem could be elininated by introducing 
free cysteines by conventional genetic engineering methods 
such as, for example directed mutagenesis or chemical 
peptide synth-isia at .those sites in the protein which are 
known to play no paxt in the activity. Optinal control ot 
fh« coupling site is possible in this u^y. Targeted 
introduction of other reaction arr.ino acids, e.g. t-ys, iiis. 
kz<3. Asp, Glu, into the protein would also be possible in 
the same way. 

The reactive gro«p of the hydrojcya i kylatarch ff.oiecule can 
' also be an a™ine or thiol groop produced by chemical 
reacrlon of the terminal aldehyde group. For example, a 
reductive aminatlon of the aldehyde group can be carried 



out by ce«cuicr> with an«nonla in the p«,ence ot hydrcoen 
and a cat^iy.t or in the pr«oncc of *„cJl'vna 

-hen react with a free carboxyl group of the prote^ir. <e a 
or an optionally activated glutamic or aspartic acid) to 
rora an amide or thioester lir.kage. 

A further possibility is for the terminal aj<^ehyde gro„p of 
^he hydroxyalKylscarch n-olecule . functional g^oup 

derived thcref..„ by chemical re.ctio.. also .o be relcted 
With a suitable Physiologically tolerated bifunctional 
itaker „.oiec«ie. In .his «se, the -functional group 
oer.veo fro. the tem-^nai aldehyd. group of .he 
hydrcxy^llcyistarch molecule by chemical reaction" for the 

TZ'^Z T'"" " '^'"'"^ ^^^"^^-^ f.nctlon.1 

^roup of the bifunctional linker ™iecule with .hl.;h the 

therefrom haa been reacted, it i. possible in this way 
itkew.se to convert tho terminal aldehyde group into a 
desireq functional group. 

suitable linker nK,lecul«« comprise at one end a croup able 
to encer into covalent bonding wirh the z^.„anal ,ld«hyde 
9-up_ ot a functional group derived therefrom by chemical 
reaction, e.g. a carboxyl «roup, activated carboxyl qroup. 
a.an. or thiol group, and ac the other end a group abl^ to 
enter Into a covalent bonding vlth a reactive functi;nal 
group Of th. protCn, ..g. 

group Between the two functional groups of the linJr 
molncule tnere ia a biocoa«,atible bridging ^oi^cule of 

Ml" J'.iT"' ' "'^""^'"^ - -'kane, an 

<o xgo)alkylene glyco. grouping ox another suitlbie 
oUgoo»r grouping.. Preferred grouping, to react wi^h 

anuno group, are, for example, K-hydroxy^uccinimide esters. 
SUlro-N-hydroxysuccini^ide enters, xnxdo esters or o^h^r 
.cnlvaced carboxyl group,; preferred groupings able" to 
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rsact with t^iol groups &re^ fcr exaroplcr mdleiaiide and 
CArboxyl groups; preferr&G grcupincs able to react with 
aldeiiyde or carboxyl groups are, for exdmple, amino or 
thiol groups. 

A nuraber of specific, non-restrictive examples of aui'.able 
lirker molecules huve already been indicated above with 
refersnce to the conjugation of linker molecules to the 
protein. 

In an alternative inveocive coupling rethod ot the present 
invention, the terminal alde'nyde group is reacted ciirec^ly 
with a priroary amino group <e.g. of a lysine or arginine 
residue or of the terminus) of the protein to fore-, a 
Schiff's base. The formed Schif f ' 3 base is, subsequent or 
parallel thereto, reduced by reaction with a suitable 
reducing agent, resulting In a bondir.g which is stable in 
aqueous medium between protein and has. Preferred reducing 
agents are sodium borohydridcr sodium cyanoborohydrido, 
organic boron complexes , e . g . a 4- (dimethylamino>pyrifl•^ne- 
borOR complex, ri-ethyldiisopropylaitiine-boEon con^lex, 
W-ethylmorpholine-coron co:Tiplex, N-methyttr.orphoiine-boron 
uoraplex, N-pheriylmorpholine-bocor. coinplex, lutidine-boron 
coirolex, triethylamine-bcroA complex, tri»er.hylamifte-boron 
con^lex; suitable stereoselective reducing agents are^ for 
example, sodium . triacetate borohydride, sodium 
triethylborohydride, sodiuni tri»ethoxyborohydride, 

potassium tri-sec-butylborohydridc (K-Selectride) , sodium 
tri-sec-butylborohydride (N-Selectride) , lithium tr j-sec- 
butyiborohydcide (L-Selectride) , potassium 

triamylborohydride (KS-Selectride) and lithiuai triawyl- 
borohydride (LS-selectride) . 

The yields can be improved by aui table variation of the 
reaction conditions. Parameters for such eptimiaation tests 
era the pH of the reaction mixture {possible protein 
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for the reduction sL«p. ' ^® emoloyed 

The products of th^ « 

by hno^ methods :T T ""^ i-estigated 

example* th*» f,-^^ 
M,^ . P-otein can be determined before ar.H 

yield Of roa«ions wJi.^t l' '''' ''''' 

auore.ca«I.. determination of tllT"" 

«=>l«cul«. weight tliatr.h„^• ""orescence. rh* 

conjugate can t>e detected by sm " ^'^ '""^ 

20 ^taininy, „hiie th« SDS-page and subsequent silver 

glycan detexminatica J.^^ ' "-^abrane. Quantitative 
Of the coooling site on tC ^''^ "-"".icatlon 

ionization cna.. spectr^C /r""""' «^«^-P-y 

optimize coup^ing rr;o p::r" '^^^^ 

weight dist.t..tio„ poosi^r rr^Te \" 

crroup^ on tl,e protein dlffe^ „!' t 

^ coupling site Of the product*. "^-t^vatyl a.en the 

The conjugatas of r»,« 

. ~at. be Cao"; o'Trtr r -"^^ 

Phannaceuticel composition ror r'h/ °^ ^ 

i^ne huiodn oc animal body. 
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CoDpositioas Of this type include 3 pharmaceutics Uy 
efiective aaiount cf a conjugate of rhc invention as active 
irgredient, and a phatmaceutically suitable carrier aad, 
where appropriate, o-.her therapeutic or pharmaceutical 
ingredients or excipients. E^ccipienta may include for 
e:«aiople dilacrtts, buffers, navorings. binders, aurfaze- 
acrive agents, thicten.ers, lobricants , preaerva-.ives 
(including antioxidants) and substances which serve co make 
-he forarjiation isotonic with the blood of the ir--ended 
recipient. A phac«aceuti=aUy effective ar«ount is Che 
amount sL.Eficient to display on single ox naltiple 
administration a desired beneficial effect during a 
rreatment to alleviate, cure or prevent a pathological 
condition. A pharmaceutically acceptable carrier a 
carrier which is compatible both with the active 
pharmaceutical ingredient and with the patient' s body. 

The form of zhe coirposition will vary depending on the 
desired or suitable adtainiat ration route. A preferred route 
is parertera) . adni.^istration, e.g. subcutaneous, 
intraiRUBcular, intravenous, intraarterial, intraarticular, 
iotrachecal, extradural injection or, where appropriate, 
infusion. intranasal, intratracheal or topl«al 
administration is also possible. Topical administration of 
growth factors conjugated according to the invention might 
for exan^jle spaed up wound healing. The pharcsaneiitlcai 
compositions nay beneficially he supplied in the form of a 
dosage cr.lt and be produced by any method well known in the 
ptismacy sector. 

The conlugates of the present invention can also be 
employed in all other sectors in which o^her protein- 
polvmer conjugates, e.g. PEG-protein conjugates, have been 
used. Souc specific, non-restrictive examples are the use 
of an liRS-protein conjugate as iaunobilized catalyst or 
reaetanl for a reaction in heterogeneous phase or as a 
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Fur -her possible uaos win • , ^'■tpny. 

3k IT^.^ ^ plainly evident to the 

akiixed worker with knowledge of -he 

hare^n r-r ^ . Properties disclosed 

^-are.n cf the inventive HAS-protein conjugates. 

The following- e^amplos ar« ' intended co exp^aV 
invention in more detai- «ihh««* v, ^^Plam the 

thereto. In particul!, ' restricting it 

carried ;i : 'r'°^"' "^'"^^•^ ^ 

propyl3tarch .„d !f . /^'^'^'^''V^ethylstarch *„d hydroxy- 
propyi.tarch, and similar results can be achieved. 

SXAMPLE 1 

■i-i o. i.ON Naoh was connected to the flask via a ? 
connector .n. 3,,^^,^^ ^^,'^11 

IIT\TZT ^^^^'^^""-^^ Of ch= NaOH solution 

ar.d, at this time, a second portion ct 2 ml of 0 lo^- 
solutioa was added. The reac-.r.n ^^^^^^ 
.ddLtion Of a totai Of iT^ lTTl ""^'"'^ 
Of «aOH solution The and 2.8 :nl 

asainstdeiontrdw:::.:"'"^'" ^-^-ed 



The partially desalted soly-lon u^. 

chroiratography o-, . ^uo^ected to a 

1- l^g, H forin) an order to corv«-t t-K» 
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Determination o£ the degree of oxid^tloci: 

1 ml of alJcaiine copper reaqent (3.5 g of Ka2P03, 4.0 Cf of 
K tatrate in 50 ml of H2O, plus 10 ml of IN MaCH, 8.0 ml 
5 of 10% strength ( we ighc /volume) CuSQq solutiori and 0.0S9 g 
of K iodace in 10 nl of HzOf afccr acklition of 16 g of Ka 
fiultatO/ make up to 100 ml) are pipetted in each caae into 
1 ml of sample solv:tion under an atmosphere. The mixture 
is headed at lOO'C for 45 mnuties . After cooling, 0,2 ml of 

10 2.5% strength KI solution and 0.15 ml of 1 M R,-iSO< are 
added. After 5 t^im, 1 drop of phenol red IndicaLor solution 
{i% weigh t/volui^e) is added/ and titration is carried out 
with 5 mM MajS-Oj solution until the color disappears. The 
concentration of un reacted aldehyde group? can be 

15 calculated from the consujr.ption of titrant. 

An approxinately quantitative yield vas achieved {> 964) , 
It is possible by this procedure to oxidize 
hydr03<yftthyl starches with higher molecular weight (e-g, 
20 130 JtD, 250 kD, 400 kO} jusc like hydroxyethylstarches with 
lower molecnlar weight (e.g. 10 IcD, 25 kD, 40 kO), in 
similarly high yields. 

EXAMPLE 2 

25 Selective oxidation of fXBS witb Cu^**^ ioxis 

A solution of 0.24 tnmol of HES-130 kP was prepared in 10 col 
of deioni^ed water with heating. This solution was heated 
in a 100 round-bottomed flask to a teK'^^crature of 

30 70-50*C, and 1.17 mmol of stabilized Cu^' (e.g. Rochello 
salt as stabilizer or other stabilizers) and dilute aqueous 
NaOH solution was added (final concentration O.IN NaOH) . 
7hs teaperature was then raised to 100 "C, and tlie reaction 
was allowed to proceed unzii a reddish color had appeared. 

3S The reaction was stopped and the reaccioa mixture was 
cooled to 4*0, The reddish precipitate was cemcvad by 
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filtration. The 



30 



c..n jr.; Tr: "^"^'^ ^^-^^-^ 

(yieid > 99%,. rr „as a.s! quan-^.atWeVy 
oxidise 10. ^.r/^''^ '"-^"'^ to 

-0 kD, h.ghe. .nolecular w^^ight Kss specie,. 
EXAMPLE 3 

Co«piiag of selectively oxidised hi«i, - , 

(ox-HBS-130 IcD) to h»«I "^"^ -olecnlar weight ass 

« .« :zj:irL: " 

w^s dectans '.rated bv o^i suCwCSS Df the Ccuplin9 

y^eld Of coupling produc;: was ^bout 905. 



10 K)) to human eerum aJUwmtn {asa, 

^.txrrer. The re.ctioa carrier 



<ie«crlb«d above for high 1.^'^ '''' """^'^ 

^ ^ . nign molecular w^iohf ppc • ^ ■ 

total Of 282 10, of rdc in three - " ' * 

three aUquoLs. The reaction 
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nixture W35 likewise dialyzed and iyophilized as d&scribed 
above. Analysis (as above?) showed the coupling product was 
obtained, but the yield-*^ were somewhat lower than in the 
coupling with high s^olecvlair weight ox-HF.S, 

5 

EXAMPLE 5 

Cenpling of ox-H£S-130 kD to myoglobin (Mb) 

4.3 g of ox-HZS-130 were completely dissolved ir. w^ter 
10 <6-7m.I), and then LOO ng of Mb fSigr^, TauEkirchen) , 
dissolved in 10 mi of 0.1 M phosphate buffer (pH 7.0), wQre 
addod. The coi^pling reaction was started by adding 30 ng of 
CDC. ^ddition of EDC was repeated every 2 hours until a 
-^ozal of 90 mg of the carbadiimldft had been consurned* The 
15 reaction nixture was then dialyzed against 50 ir>? phosphate 
buffer, pH 7,0, and lyophilized. 6?C showed a definite 
product pea3c, which was detected in the hold-up volume at 
^50 nir. It was possible to calculate a coupling yield of 
88% trcm this* The oxygen-hinding capacity of the hesyLated 
20 myoglobin was about 76% of the binding capacity of 
unraodified Mb. 

EX&HgUEl 6 

Coupling of ox-HES-lO U> to st^eroxida dismata^e [SOD) ' 

2S 

One part by volume of an aqueous solution of ojc-hES-^IO IcD 
(1.05 g/nl) was incubated with one part by volume of a 

7 rag/ml SOD solution tSigma, Taufkirchen) in SO niM 

phosphate buffec, pH 7.6^ at room temperature. The coupling 
3a reaction was initiated by adding 280 mg of EOC in 

5 portions over a period of 24 h. The progress of the 

reaction was followed by GPC analysis in phosphate buffer 
, aad detection at 2S0 nm. After 24 h, 81% of the protein 

were found In the higher molecular weight region of the 
35 separating column/ and the reaction was stopped after this 

vime. The reaction raixture was subjected to a diaf iltration 
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Kb m^raorane and t-k 
speccronietric analysis rs. " Mesa 

5 EXAMPLE 7 

O. OX-HES-X30 ^ to ,t«ptoUx.«e ,SK, 

«-5 mg Of EDC and 20 »g i.^,.! ' temperature, 

-Urring for . total 2; . ""'"^-^^ "^^^^ gentle 

drying, abont 79% of <ii«iyals and freeze 

» conjugate by GPC ,JLir r''^'" '^'^^^'^ « 

"fining, a LtL« ^""'-^^^^ "''"'^ ^^^ver 

...~r::r.— ^ - — lar «a«a .f t.e 
c.rbo.,-dx«e structute, Here „na^. '^'^'^ 

5 130 to to hanan lnteraoukin-1 (n^Z) 

After addition of 0 25 1 ' '^""^^^ ^-^^-9- 

TaufJcirchen,, v.aic. «ade tie .ol ^- """"" 
- =ti.red at roo« te^/e. l-et T/rr' 
we« added m 4 portions wiu, a tL " ' 

elQar Solution, gpc anaiv.i °^«rnt.ght, resuiting in a 

about 65%. "^^^ « '^o-Pling yield of 
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BXftMPLE 9 

Cpupling of DX-HS3-25 kD to homan tiMior necrosis factor a 
(TNFa) 

5 0.3 ing of hlWa (Sigma, To^uf kircbea) wece added to 86 mg of 
o)c-HES-25 kD in about 0,4 ml of 0.1 M phosphate buffer (pH 
7-0), The cloudy solution was stirred for a^out 2 h Ijefore 
1 mq of EDC and 0.5 ^ig oE KOBt were added. Stirring was 
contiaued for about 6 hr wit^ the solution becoming cie^r 
10 during the reaction tiase. The coupling product was isolatcsd 
by ultrafiltration and freeze drying ap,d analysed by GPC 
and detection at 280 tun. A coupling yield of approximatelv 
•74% was found in this case. 

15 EXAHPM 10 

Coupling of ox-H&S~130 10) to glucagon-liXe paptlda 

7.-? g of ox-KES-130 were dissolved a ifiinimuir volume 
of water by heating and gentle stirring. A solution of 

20 10 mg of GT,P-1 in the amide form {Bachem, Switzerland) in 
50 mrt phosphate buffer, pH 1.4, was added by pipette. The 
reaction was started by adding 35 mg of EDC and vras 
cautio*J3ly stirred £or 2 h, 7hi*3 was repeated 2x iriore 
bc<:aase, after this tirtte^ a peptide peak was no longer 

25 evident in the GPC analysis at 280 nm, t.e, approxiiaately 
complete conversion to the coupling product had taken 
place. This couplir.9 product was diaf iltered using a 30 kD 
membrane and iyophilized from phosphate buffer solution. It 
was possible to conclude fron^ the results of a MALDl raasa 

30 spectroscopy that the stoichiometry between peptide and HES 
was 1:1. 
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Coupliog Of high «olecul„ weight BBS (hsS-130 M>1 K«»= 



<^-7 and th.n SO of HSA. dissolved inl „i of o I m 

Phosphate buffer (pii 7.4, w^re add<,d. -eartio. V 

".xnutes. The solution further stirred for ,5 T 

LJ! r^:'^.' ^-'^ "•'^^^ - — ^^L o 

e^o en 1' ' °' °^ 

er^loyod. The .solution .hen dialy.ed and lyopMli.ed 

Analyses too. px«.. ^,3,,^,, ^ The coupl!', 

coupling 1.^ «olec«lar Keight hes (hes-13o Vd, to hu»a« 

's.'*' ''^^ completely dissolved in water (4-5 ml> 

and 50 rr.g of ttSA, dissolved in 1 ini of 0 ' m k \ 
buf'or f-.H T /I, . i or o.A M phosphate 

b«-.er IpH 7.4) »ere added, when the .solution u,as clear if 
nece„ary effected by sti.ring „uh a magnetic .tL;or 
.B«, <S0-70«g, .3, .dded and ^.ed il ..th ; 

ror hours aad then stirred for 15 „i„u.e. »very tj! 

itr r;/^:::. -ecuiar .eighth::: 

he 3clutxon no longer sho«ed any bubble, (h. 



evolution,, a further .li^ot of n.bh, .about 50 was 
aodea. At the end, a toc.l ao^unt of 19D «g of vJh had 
beer, employed. ihe solution was > . 



^yophili.ed. Analy.is too., p.a.e ^7 ge peTlJ: 
Chromatography (CK, , and the yield .a. aboJt 
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HXftMPI*E 13 

Coupling of SSS-40 kD to asparaginase 

3.D g of KES-40 kD were ccmpietely dissolved in water 
(about 4 ml) . A soiacion of 8Q rag asparaginase (Sigmar 
TaufKirchen) iji 6 ml of 0.1 M borate buffer, pH 9.0, were 
added thereto and stirr<%d until the reaction mixture wos 
clear:. The temperatare was then rciised fo 37 *C and. after 
2 ti, about itig of KaBH3C^ were added. This reaction cyele 
H&s repeated 3x more. The product was worked up by 
dialyiing che reection caixtuce against 0.1 M phosphats 
b'Jtfer, pH 7.4. Tbe yield of coupiiiiy product was about 
61%^ and s.bout 73% of thft asparaginase activity was 
recoverable . 

EXAMPLE 14 

Coupling of IcD to hizraan interleultirv-2 (11.-2) 

5D Jt,q o± HiSS-130 IcD wer^ coropletely dissolved in water 
iabout 0.2 ml) . A suspension of 0.2S rag of h'jir.an lls-2 
tSigiuA, Taufklrchen) in 0.2 mi of 0.1 M borate buffer, pH 
9.0, was added thereto and stirred until the reaction 
Stixture was clear f4 h). 2 mg portions of NaBH,C^^ were 
added at .intervals cacb of 4 b, and stirring was continued. 
After a further reaction r.irce of 24 h, the adxture was 
dialyzed against 0.1 K phosphate buffer/ pH 7.4 and 
lyophilized. The yield of coupling product was about 42% 
accccding to GPC analysis. 

EXflMPLE 15 

Coupling o£ HBS-130 ki> to insulin 

fl.O g of F.E15-130 i:D were cotnpietely dissolved in water 
(about 6 ml) - 55 rug of innulin from bovine pancreas (Sigina^ 
la-jfkirchenj in 7.fS lal of o/l H borate buffer <pa 9-G), 
were added thereto and stirred at 37*C for about 24 h. The 
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-en ....... ..^r/. /r/rer:/rr 

unrea^ced regents by r^lt^.till " 
' I-Yophillz.tion resuUed i. « stall. ' 

employed vas recovered as Kzg conjugate. 

aXftMBLB IS 

or pjj g were add^H -pk^ 

reaction was starfrftH k aaaed. ihe coupaing 

r.^ started by adding iO mj of EDc A^r,^*.- I, 

EDC was repeated everv 3 h until 39 «a of 
hod been co.3u,ned. Tn^ ,eac-io„ caxbodUmtde 
258 After 24 h 50% 1/ ""^^tored by gpc at 

Mgh „olecuIa. weight r^L o.' T'''" '^""^ ^" 

th« reaction was sttppe7re ' T ^^^""^^ 
a,ain3t 33 ^ p.o3pnre" J," "rVT 

5CD activity vaa 9S» of the iniM.i . ^yoP^i---o<i. The 
of tha „,ass dist^ib„^<l . Jit ^^^*-^ty. Determination 

protein Of 1: J. "vealed a molar ratio of hES co 

gxaMPU 17 

C-upling Of ox-HES 70 W) to glucagon 

Glucagon f66 h in -5 , 

^dded iflO UtlonsTl 

water. The Xuna . ''""^"^ ^'^''^"^ 

wftite coupling product (73%>. 
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CLAIMS 

1. A hydrcxyalkylstarch-prot-ein conjugate, characterized 
in that the binding inneracrior. betwtfer. the 
5 hydroxyaLkylstarch molecule and Che protein is based on 

a covcilent bonding which is the result cf a coupling 
reaction becween (i) che tercoinai aldcjhyde group, or a 
tunctional group derived from this aldehyde graup by 
chemical reaction, of the hydroxyalkylararch molecule 

10 and (ii) a funcxional gro-jp, which is able to react 

with this aldehyde group or functional group derived 
rheref'ron of the hydroxyaikylstarch molecule, of r.he 
protein, where the bonding resxilting directly in the 
coupling reaction can be modified where appropriate by 

15 a further reaction to give the abovementioned covalent 

bonding . 

2- Tno hydroxyalKylstarch-prctein cor.jugate as clained in 
claim 1, characterized in thot the f:jnctional group 
20 derived from the terminal aldehyde group of the 

hydroxyalkyl search snolecule by chemical reaction is one 
of rhe functional groups of e bifunctional linker 
molecule wi;:h which the rexminal aldehyde group has 
been reacted. 

23 

3. The hydroxyalXylstarch-protein conjugate as claimed in 
claim 1 cr 2^ characterized in the.t the reactive 
functional group o* the protean is one of the 
functional grojps of a bifunctional linker molecule 

30 which has been coupled onto the protein. 

4. The bydroxyal)cylf?tarch-protein conjugaxe as claimed in 
clain ) OL 2, characterized in that the reactive 
functional 1 gro-jp of uho protein has been introdoced 

35 into the protein by rccoinbinaTit riodiCication of the 

original amino acid sequence. 
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5. Tte hyd.oxyaUyi3t..ch-pr.tei„ conjugate as claimed 
claam 1 3 or 4, characterized in chat th« covalent 
bond.., .he .e.«lt o5 a ccuplin, .-eactio. .etwaen 
carboxyl group formod by . .elective oxidation o£ the 
. Aldehyde gcoup, or activated carbo.,l .roup, 

iror tr. '"^'"^"^^ ^'''^ ^ •'^^-^v ..in; 

group or thiol gxoup c£ the protein. 

that the cov.lent bonding i. an a^^e Xin.age w.ich .s 

carboxyl group for«.ed by selective oxidation „f the 
ter..„al aldehyde ,ccup of .he hy..o.yalJ.yist.rch 
n«>-ec«le, «nd a prim^^ry an.ir.o group of the protein. 

The conjugate a, cUi^ed in cl.inl, 3 or 4 

--n.<.ge whach .s the re.ult ot a coupling reaction 
beween ..e. terminal aicaehyde ^.oup of the 
hydroxyal.yls.axch »olecuie and e prirr^ry ^t„o g.oup 

of Che Schxff's base to the amine. 

. The conjugal as claimed i„ any of cl^^ 1 to 7 
characterised t„ that .he hydroxyaikyi starch ..olecul^ 
has a «,lecular weicjht i„ the range fran about <. co 
about 1000 JtD. "ucut H CO 



IhltT^'T'I " =>^— tecized in 

weioht P \^^'^''y-^'^>-^-^-^->' -I-ule has a irolecular 
weight Of about 4 to about 50 io. 

ItrTT^ " ''^'■^ Characterized in 

that the hy<Jroxyalkyl3tarch .nolecule has a rtolecular 
veigat of about 70 tc about 1000 kD. 
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11. The conjugate as cloimed in claiir. 10, characterized in 
that the hydroxvaJ kylstarch nolecxiLe has ^ Dol-eculex 
weight of aboot 120 kD- 

12. The conjugate as claimed in atiy of claims 1 to 11, 
charact-crized in that the hydroxyaixylstarch molecule 
has a degree of subatitution of about 0.3 to about 0-7. 

13. The conjugate s-s claimed in any of claims 1 to 12, 
chr-iractarized In that the hydroxyalkyl starch moiocule 
has a ratio of C-* to substi f.Jticn of from 8 to 12. 

14. The conjugate as claimed in any of claims 1 to 13, 
characterized in that the hydroxy alkylatarch molecule 
i9 a hydroxyethyLstarch mplecule. 

15. The conjugate as claimed in any of claims 1 to 14, 
characterized in that the prorein has a regulatory or 
catalytic runctioa, a signal transaiitting or transport 
function or a function in the incnune response or 
induction of an immune response. 

16. The conjugate as clain^ed in claim 15, characte ri^^ed in 
that the protein is selected froir. tho group corrposed of 
enzymes, antibodies, antigens, transport proteins, 
bioadhesLon proteins, hortaones and prohormones, growth 
factors and growth factor receptors, cytolcinea, 
receptors, suppressors, activators, inhibitors or a 
functional derivative or fxagrftent thereof- 

17. The conjugate as claimed in claim 15 or 16^ 
chaxacterlied in that the protein is o-, 15- or 
y-irterferon, an interleukin, a serum protein, e.g. 
albumin or a clotting factor, erythropoietin, 
myoglobin, hemoglobin, a plasminogen activator, BCQT, 



02i7S47« 2M4-0>-01 



- 32 - 



BDGF. SGF. FGF, NGF. PDfiF. RDMP, CUTT. TGF-a, TGF-g. a 

somatotropin, somatostatin, insulin, gonadotropin, 
«-MSh, triptoreu™. prolactin, ealcitooi., glucagon, . 
^^u=a,on-liKe peptide, e.g. GLP-l or ex,P-2, exendin, 
J^pcxn, goscrin, secretin, an integ.i„, a hypo=halan,u. 
hormone, a.g. an AOH, oxytocin, a liberin or statin, a 
thyro.d ..onoone, e.g. thyroxine, thyrotropin, 
-hyrolzbcrxn, a gravrth t.omon«, e.g. hum.n growth 
hormone, LH, FSK, a pigmentary hormone. TNF-« TKF-B 
hirudin, a Upoprotein or apollpoprotein, e.g. ;»po-3' 
Apo-E, Apo-T,,, an oUgoiysine protein, ^„ rgd prtjte^n! 
a lectin or ricin, bee venom or a snake venom, "an 
xoununotoxin, rag«eed allergen, antigen E, an 
ii»njnoglobalin, or a receptor for one of these oroteins 
or a funcT^ionai derivative or fragment of one these 
proteins or receptors. 

8. The conj-.gate as claimed in claim 15 or '6 
cnarecterized. in that the prot«in is an .n^ym. ,.hich^•s 
seieoted from an asparaginase, arginase, arginii^e 
deaminase, adenosine deaminase, glutaminase, 
glu..awinase-asparaginase. phenylalanine aamonla-lyase 
cryp=ophar.ase, tyrosinase, superoxide dlsmutase 
endotoKinase, cataiase. peroxidase, KalliUein; 
trypsin, chyn^otrypsln. el.,sta.e. rherc«,lysin, a lipase, 
uncase, adenosir:e dlphosphatase, purine-nucl«o3id. 
Phosphorylase, bilirabin . oxidase, glucose oxidase, 
giucoda^e, gluconate oxidase, galactos.daae, 
gxucocerebrosidase, glucuronidase, hyal.ronidase, 
--i5su« factor, a tissue plasminogen activator, 
streptokinase, urokinase, an MAP kinase, qnaso, BNA^e 
l^ctoterrin. and functional derivatives or frag,nencs 
thereof . ' 

. A phar»«ceutical composition comprising an effective 
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ainounn of a conjugane as ciairaed in any of claims 1 to 
19 «iriU ft pha::jT.aceutically acceptable carrier and/ where 
appropriate, further excipients and active ingredients. 

The use of a conjugEste as claimed in any ot claims 1 to 
18 or n fco;Tiposition as claimed in claim 19 fcr the 
therapeutic oz prevenzive creacinent of hu:aaiis or 
ar^intals. 

A method tor preparing a hydroxyaH^ylstarch-protein 
conjiigate as claimed in any of claims 1 to 18, 
character tzed in thar a coupling? reaction is carried 
out in aqueous solution between the t.Qrmin&l aldehyde 
group, or a functiorkal group derived fcora this aldehydes 
group by chemical reaction, of the hydcoxyalitylstarch 
molecule and a funntioniil gro^^p, which is Bhlc to react 
wiU^ this aldehyde group or functional group derived 
therefrom ot the hy dr ox yalkyi starch :3iolecule, of the 
protein,, and the bonding resulting directly in the 
coupling reaction is fmodified where appropriate by a 
further reaction. 

The mathod as claimed i.n cloirn 21, characterized in 
chat the reactior. mccLum of the couplir.cr reaction ia 
water or a mixture of water and on or<janic solventr 
where the water cooteat of the mixture i-s at leaat 80^- 

The mechod as claimed in clalr? '^1 ot 22, char act ei:i zed 
in chat the termindl aldehyde gro-jp of Lhe 
hydx:oxyalkyls:;ar«:h molecule is converted by selective 
oxidation into the corresponding carboxyl 
functionality, and the latter is subsequently reacted 
yndcr activating conditions in aqueous solution with a 
free amino group of the protairir so that the 
hydroxyal.kyistarch raolecule is linSced r.o the protein by 
an amide linkage. 
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24. The ncthod as claii^ed in claim 23. characterized in 
that the selective oxidation of the alachyde grouo is 
carried out with iodirie or metal ians in basic saueaua 
solution. 

25. The nechod as claimed l.n clain 23 or 24. ch:»racterize<l 
in that the eouplin<j reaction is carried oat in the 
presenoo of a carbodiiinlde . 



26. 



The nwtliod as claimed in claim 25. characterized in 
that the carbodilraide is l-(3-diniechyla.i,i.nopropylj-3- 
ethylcarbodilmtde (EDC) . 

27. The n«chod as Claimed in clai» 21 or 22. characterized 
in that the terminal aldehyde group of the 
hydroxyalJcylstarch molecule is coupled to n froe aK,ir.o 
group of the protein to forns a SchifC's base, and the 
forned Schiffo base ia reduced to the amine, so that 
the hydroxyalkyistarch molecule is linked to the ' 
protein by an amine linkage. 

2B. The method as clai.T.ed in claim 27, characterized in 
that both coupling and reduction take place in aqueous 
solorion. 

29. The Hieth^d aa claimed in claim 27 or 2fi. chafactecized 
in tnat the reducing agent is sodium borohydri.de, 
sodium cyanoborohydride or ars organic boron complex. 

30. rh(» method as daisied in any of claims 27 to 29 
characterized in ^hat the coupling- and reduction 
reactions are carried out simultaneously. 

31. A method for preparing ' hydroxyalJtylstacch which is 
selectively oxidized at the ter.-ninal aldehyde group. 
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characterized in thac the hydroxyalfcylfltarch is reacted 
in a nolar raci.o of iodine to HAS of from 2x1 to 20:1 
in basic aqueous solution. 

Tha rrii-LTiud as claitred in • claim 31, characterized in 
Chat Che molak: ratio of iodine to HAS is about 5:1 to 
6:1, 

The [nethod aa cl^inied in claim 31. characterized in 
that 

a) an amount of hydroxyai:-qrl starch ia dissolved in 
warm diatille-d water, and ootrewhat lees than 1 mole 
equivalent of aqueouB iodine solution i& added, 

b) NaOa solution in a molar ccaicentration which is 
about 5-15 ticTies that of the iodine solution id 
slowly added dropt^ise, at intervals of a plurality 
of minuteci^ to the reaction solution until the 
aolution starts to become clear again, after the 
addicioA, 

c) soitewhat less than i nvole equivalent of aqueous 
iodine solution is again added to the reaction 
solution, 

d) the dropwiae addition of the NaOB solution is 
resumed, 

e) steps h) to d) are repeated until approximately 
5.5-6 fjole eqiaivfilenr-.fl of iodine, solution and 
11-12 mole equivalents of WaOH solution, based on 
the hydroxyalky Is Larch, have been added, 

f) the reaction ia then stopped, and the reaction 
solution is desalted and subjected to a cation 
exchange chrosiatography, and the reaction product 
is obtained by lyophiiization. 

The method as claimed in claim 33, characterized in 
that the agueous iodine solution is an approximately 
0.05-0.5N iodine solution. 
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The mothod « claUad in cl.im 33 cr 34, characterized 
i^.h« the ^olar concentration of NaOR solution U 
^u. 10 tx:nes that of the iodine solution. 

A method- for preparing hydroxyalkyl,harth which »3 
selectively oxidized at the ter.-ai„al aldehyde groao, 
cr.„«teriz.d in that the is oxi.l.ed in a'.eoul 

aike.ane solution ^uh a «olar excess of 5t.abiii.-^d 
n«tel ion, selected Jrom Cu*' ions a„d Ag- ions. 
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